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AESTIFACT

Tte furpose cf this study is to present analytic tz=chri-
gues fcr develcpinc enlistment standards models waich
atteupt tc improve tpron existing methods. Alterrative
criteria fcr measuring successful operational perfcrmance,
and a means cf measuring utility are also provided. Anctter
Furpcse cf this study is to discover if the Navy's systea of
selecting fersonpel fcr the Aviation Machinist's Mate (AD)
rating may te imgroved.

Twe criteria were utilized in develoriny these mcdels--
lengtlk cf service, ard a ccmposite measure of success ttlat
consicers length of =ervice, highest paygrade achieved, and
Ieenlistuzent eligibility. Measures on individual's at the
time c¢f erlistment are used as predictor and discriripating
variakles. Six mcdels are developed and analyzed wusing
regressicn and discriminapt technijues. Utility analysis is
conducted cn each of these models as a means for measuriag
their tsefulpess in gcnetary teras. Reccumendaticns for

future research are also presented.
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I. INIECLUCIION

Fcr the remainder of this decade and beyond, the Navy is
faced with the difficult prcklem of attracting and retaining
sufficiert fersomnel tc meet its ever increasing RalL[coWer
requirezerts. The fleet is exranding tcward 600 shifps while

the availatle manpower pool c¢f 17 to 21 years 0ld mer and

womern is frcjected tc¢ decline. Eaca year, wmillicrs of
dcllars are spent recruiting, training and maictaiwning
€nlisted personnel. Numerous enlistment standards acdeis

have lteer develored tc imprcve the screening, selecticr and
assigngert processes for all Navy ratings. Ccrtiruing
enlistmert standards research is important since it may
imprc¢ve mangower plamning, —reduce attrition, enhance Zab
performarcce, and lergthen careers. It 1s througn such
research ttat the ultimate gcal of increased veadiress at
lower ccst may be realized.

A. FUBRECSE OF ANALYEIS

This study attempts firstly tc improve ugon the methcd-
clogy [rIe€sently utilized to develop enlistment staccards
models. In particular, different techniques for develcpiny

such mcdels are jresernted, along with alternative criteria
for measuring successful perfcrmance. A means of measuring
the wutility, or usefulness, of such efforts 1is also

provided. BAn attempt has been made to present these methcds
in a clear nmanner sc that thcse researchers who fcllcw may
more readily understard the f[rocess. The apalysis exfpards
upon the experience c¢f numercus similar efforts, including
several graduate theses prepared at the Naval Postgraduate
Schocl and many research f[frcjects «conducted urder the
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auspices cf the Navy ~cerscnnel Ekesearch and Develcizent
Center (NeBLC) and tlre Center for Naval Analjyses (CNA).

Tbte seccrndary purpose cf tanis study is tc disccver if
the selecticn standards rfor cpne particular Navy rating zay
te imprcved upon by aralyzirng cata availatle at the time of
€nlistmert. Mcst predictive podels develored to date have
focused <c¢n successful couapletion of technical traiuning
schecls, c¢r on attriticn. This study is aligned with a acre
recert aralytic trend of attempting to predict successsful
cperaticral performarce in the zleet. This apprcacs is
consicdered most affpropriate in today's nhlghly technical
Navy. The tremendous cost, in terms of ©both dcllars aad
time, asscciated witl trainirg and retaininyg Navy perscancel
demands mazimum returrn on investment. By focusing cb Ccfera-
tional success tc develop a larger, more exgercienced cacreer
force, tiere exists the potential to reduce the turden cf
Iecruitirg and trainirg new enlistees.

E. FATING SELECTIED FCR ANAIYSIS ‘

Tc acccaplish the acove stated purposes, data fpertaining
to «creraticnal perfcramance o¢f personnel in the Aviation
Machipist's Mate (AIL) ratiry were analyzed. ACs are
alrcraft engine meclLarics who inspect, adjust, test, —refair
and cverraul engines tsed 1n all Navy airplanes and heliccp-
ters. ALs also j-<rform rcutine mailntenance, EL€Eare

aircraft for £1i,bt, and assist 1n harpdling aircraft cr the

ground «c¢r aboard sligs. They [fperform @mpaintepamnce aznd
servicirg cr either et or reci.rocating engines, ard ou
Ssubsystens such as fuel, 0il, induction, COLfressicn,

ccmbusticn, turbine ard exhaust. Other AD functicrs include
Supervising maintenarnce, analyzingy fuel and oil =anmfles,
keepin¢ reccrds, evaluatinc¢ ergine performance, arnd zaibn-

taiplrg accessorj corjcnents, drive systems and gear Lkcixes.
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Aviaticr Machinist's Mates are assigned primarily to

Naval Aviation sguadrons <c¢r to Aircraft 1Interusediate R
tainterarce Defpartmerts. These assignments may le eitler a
aflcat cr acshore. Als may alsc be assigned as instructcrs \

in trainirg activities, and they are eligible tc vclurteer
for f1ligkt duty as aircrewmen., [Ref. 1]

( JVan

Fresently, there are over 12,000 men and women assigced
tc the AL rating. Sirce ADs are assigned to virtually every
bMavy aviation unit, they represent a vital elegzent in
ensuring a high degree of aircraft readiness is mairtained.

As sucl, the overall mission effectiveness of HNaval Aviatica

. NPy

units is directly 1lipked tc¢ the guality and perfcrrance of

Py

memlkers cf the AL rating.

Y

C. CEGANIZATION OF TEIS STUDY

i

This chapter has discussed the purpose cf this study,
and descriked the AD rating and its importance to the Navy.

The next chapter will prcvide background informaticr on

Py

enlistmert standards research, and present in general ters
the e€vcluticn c¢f [predictor and criterion variables that
emerged during the development of the models copntaiped in
this research. Chajter II1 describes the data ctase and AD
cata <set ttat [frovided srpecific measures cf oferaticral
perfcroarce for analysis and mcdel formulation. Chapter IV
Freserts tne three statistical apalysis technigues enployed

K . .o [ SOANUAD o
Ala a4 4 4 a8 s o o

3

F

! in develcping six erlistment standards models. Cragter v
{ frovides the method and results £ the utility analysis

r’ j -

L conducted orn these icdels. Utility analysis represerts a

}

seans Ly wkich the usefulpess of similar efforts zay be

f zteasured. Chapter VI draws conclusions fror the aralysis

{ and rresents reccmmeréations for further researca.

]
o
B

11 ;




II. SELECTICN OF VARIAELES
Ttis chapter Jgives a brief descripticn of some cf the
selecticr frocedures ipn use at the time of the data ccllec-
tion. The results <¢f previous research on predictirg job
Ferfcrrance are reviewed and predictor and critericao vari-
akles tlat bave Fkeen shown to Lte useful are identified.

A, CSELECIICN BACKGRCUND

At the time tle data used in this analysis was
collected, the Navy ccnsidered a number of applicant chnarac-
teristics tc guide selecticn and classification decisiors.
These characteristics included education, high schocl degree
status, age, numker of dependents, scores on the 12 Arrmed
Services Vccational Aptitude Eattery (ASVAB) subtests, and
some ccrpcsite scores. The Armed Forces Qualificaticn Test
(AFCT) is cre of these composite scores, and an afrlicant's
score cn the AFQTI defpended on the sum of his scocres cn the
BSVAE subtests Arithaetic Reascning (AR), Spgatial Eerception
{(SP), apd Wcrd Knowledge (WK). The AFCT score was repcrted
as a fpercentile-—a sccre c¢f €0 ameant that an applicant's
total sccre on tte tiree sulktests was higher than the scores

_ achieved ty 79 rercert of his feers. The AFQT jercenptile
ﬁ score was also used tc classify the applicart into cpne of
F’ five mental categories or AFCT Jgroups. For example, thcse
L with a sccre of 60 or Ltetter were classified in mental grcup
1, ard tkose with a sccre c¢f 10 or less were classified as
; Group Vs.
.' Arctler composite score 1is the Success Chances of
b Fecruits Entering the Navy (SCREEN) score. This sccre is
:ﬁ derived frca the perscnal characteristics of age at ertry,
;l

L DY o Ca M - " . - S P S WA G G rP T COICIIG, YO Sy NS W VAL W) W W0 AR S A W o
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years of sctooliny, whether cr rnot the applicant had depen-
dents, ard AFQT percertile sccre. This compcsite sccre Las
keen used ty recruiters since Cctober 1976 in determinirg an

YRR

applicant's eligibility to enlist. [Ref. 2]
A final comjosit€ score that is nsed in classifying
recruits tc the AD rating is wmade up of the sum cf the

recruit's standardized SCCI€sS on the ASVAB suktests
Arithmetic Reascninc¢ (AR), Electronic Informatiocr (EI),
General Science (GS), and Mathematical Knowledge (MK) . A
ginimum sccre of 19C on this ccmposite was necessary for a
recruit tc enter the AL rating.

E. EEVIEW CF PREVIOUS MILITAEY STUDIES

Studies on predicting military job performance Lave
Zainly ccncentrated <r the survivability of recruits tiarough
varicus stages c¢f tleir military careers. These =staces
include recruit training, Class "A" School, first two years
cf enlistmert and first ters of enlistment.

lurie used number of dependents, years of educaticn and
AFQT sccre to predict the perfcrmance of the Electrcric's
Technician (ETN) ané Ship's Serviceman (Sd) ratings. He
found that fur the SBE rating, non-higan schcol graduates with
lower AFCT scores we€re prcmcted faster than thcse with

Eigher =sccres, althcugh AFCI score had no impact cn first
p term sutrvival. Tte AFQT score did aid in [predicting

advarcentent and survival for members of the ETIN rating.

- [Ref. 3] 1In another study of eiyht year survival rates,
Iurie fcund that education level was the most impcrtant

fredictor. Interestingly he also found that mental grcujp I )
| recruits had the worst record in surviving Class "A" Schocl. Q
[Ref. 4] o

A study on the factors affecting first term survival aad
reterticr ltehavior c¢f Machinist's Mates (MM) and Bciler
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Technicians (3T) was conducted by Fletcher in 1976¢. He
found that EIs «with creater than 11 years of educaticr had
greatly imrroved <charces of surviving their first term of
€nlistment. For MMs, those in the lowest and hignest neptal
groufps had greater survival prokability than others. cr
koth ratings, older men Lad a higher [probakility of
survivai. In relaticn to reenlistment, those BIs with 12 or
more jears cf education had a lcw probability of reenlist-
gent, while with MMs, having a dependent increased the frcb-
ability cf reenlistmert. [ BRef. 5]

Studies of gilitary jor jferformance have also investi-
gated tlke effect of the ULelayed Entry Program (DEE) on
survival, lockman fcund that if recruit guality (as meas-
ured Lty SCREEN) and training guarantees were contrclled fcr,
those whc were in tle LEP for three or more months had the
tighest scrvival rates [Ref. 6. Thomason found that DEP,
age, education, frecruit traicpicy locaticn, race, numtker of
deperdents, wmental group ard follow on tour assignments had
varyin¢ degrees of significance in determining first tern
survivatility [Ref. 7 .

Mcre recent studies have favored the use of mcltiple,
rather ttranm single meéasures c¢f job performance. This is
Lecause it is rare trat a single measure adeguately ccvers
the full sccpe c¢f jct ferformance. One approach has Lteen to
exparné tle survivabpility criteria to include other geasures
cf jcl perfcrmance, =such as eligibility to reenlist and the
achievement of certain paygrades. A continuous critericmn is
pot availatle wunder this approach; sailors are e€itter
categcrized as a success or as a faiiure. Nesbitt [Ref. 8]
and Sryder and Berga22i [Ref. 9] defined various degrees of
success c¢r failure ir their studies in an effort to generate
pore variakility on the criterion.
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C. CEITERICN ANL PRELICTOR VAFIABLES

Ir 1mcst cases sten a sirgle job perforamaice ameasure
(critericn) has keen cvsed in previous research, a measure of
survival has been the cverwhelring choice. This is recause
such a criterion is readily measurable, 1is ccntinucus, and
is of izfcrtance to tie Navy since tae costs associated witnh
attriticr and <suksecuent reglacenent are considerable.
Cther single criteria nave reen lenjth of service (i08),
time tc frcuaoticn, highest rask cr grade achieved, reteztioan
{as meascred by reerlistment <choice), and perfcrrzance at
Class "A%" Echools.

Tte ccmragon predictcrs of Jjcb perforaance are educatica,
runkexr oi dependents, age, sex, race, ASVAB subtest sccres,
AFQT scores, mental group, LEP status, and some "atfter
accessicn" variables such as recruit training 1lccaticn,
subsecuent dependent status, and initial and follow cn duty
assigrmerts.

In this study twc criteria will be considered. lhe
first will be an LCS criterion and the second will ©Ce a
compcsite criterion where success will ke defined as
completing the first term of enlistment, being eligitle for
reenlistment, and achieving the fpaygyrade E-4. The candidate
predictor variables will be age at entry, sex, race, entry
Faygrade, education, derendent status, term of enlistgert,
ASVAE sultest scores, BAFQT sccres and the composite sccre to
qualify fcr the AD rating. The specific variables frcx the
AD data set used for analysis, as well as the evoluticn of
the data set, are discussed in the next chapter.
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‘ III. CATA EBASE DEVELORMENI
[ 4

hd ol A o

Tbkis chagter provides informatioi. concerniny the master ]
cdata lase and the stiset of this master file, the AL data

set, that was used in this study. The generation cf this AD ;
data <cset 1is descriked in detail, as are the =sfecific

Fredictcr and critericn variakles discussed in the frevicus

chapter.

A. MASTEBR FILE

Erlisted nistory records cn over 206,000 ncn-grior ]
service sailors who entered the Navy duriangj the [fericd 1 1
Septegker 1976 to >1 Decenmkter 1978 were «ccapiled ty the J
Leferce Parpower Data Center (DMDC) staff. This master file ]
was created by merging data elements frca four =segparate
files: {1) the DMDC Cohort file, which 1s itself a coufpila- ]
tion c¢if infcrmation from DMDC's Enlisted Master Reccrc¢ and #
loss files; (2) a Navy Health Research Center (NHEC) file;
{3) a prcmction examiration file; and (4) a Chief cf Naval
Educaticr and Trainicng (CNET) file.

Tte L¥LC Cohort file ccntains personal and demogragptic

[ data cr individuals at the tize they entered the service.
' Additionally, it is wupdated gyuarterly by the Military
Ferscrgnel Ccmmands with active duty or service separatioan

inforgsaticn as apprcrriate. Tanis file provided «cver 159

varialtles tc the master file.
Tbe NBFC file «ccantains information on each enlisted
memter of tie Navy wkc has Lkeen or still is cn active duty.

It 1s upcated quarterly fros Navy diiitary Personnel Ccamand

«
1
Kl
4
i
4
b

T il i i e st e g -
L3 1.

(NMEC) charnge tape e€xtracts, and follows a service zeater
from cate cf enlistmert to date of discharge. Tae NERC file

represents approximately 30 variables in the master file.
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The frcmotior exaninaticn file includes advancement exan

and prcmcticn data, and the CNET rfile contains infcrrxation
cn fcrmal trainiog received by individuals in the data Lacse.
Togetler tlese files [rovided over 60 variables to the
master ceta Lase.

1bke master file, containpning 243 variables, is maintained
at the Naval Postgraccate School. The.final update tc tie
file includes DMLC data current as of 30 September 1S€Z, and
NMHRC cata current as of July 1982. Ibe prcgram tc access
data cn tlke selected rating is ccntained in Agpendix A.

E. AL LATA SET

Ttis section descrikes the evolution of the AD data set
that ccptains the observaticrs and measures analyzed in tkhis
study. The AD data set was derived through a numker of
iterative screens, ard new varialles were created, in crder
to remcve akerrant otservaticns and to refine the fpredictor
and critericn variables pricr to statistical analysis. 7These
iterative steps ultimately reduced the number of cases in
the AD data set frcmx 5,562 to 2,820 observatioas. The
[rograms used to screen the data and to create new fredictor
and critericn variakles are ccrtained in Appendix A. The
logic for these processes is discussed in the remainder of

this chagpter..

1. Screens

Since one purpose of this study was tc apnalyze
Aviaticn Machinist's Mates whc had operational experience in
the fleet, the first screen periormed on the data was to
select crly those cases whose final DMDC rate (DMICEATIE)!
appeared in the last master file update as ADs. This meacs

!th agtual varjialle nage asscciated wvith tn2 cogaent is
pﬁoviae in parentheses thrcughout the remainder cf tkis
chapter.

17

TR S G li
ala e oy A

R

Py

L]

e 19

"““




——_— T P N~

they were workirg ir the AD rating at either the tine of
their separation frcr the service, or at tke time «ci the
last file update if they were still on active duty. Ihis
screern allcwed for feople to migrate into the AL ratiny
while ensuring that tlkose cases who left for anotaer ratinj
were €icluded frem tle analysi..

The cases were next screened for ADs with rc pricr
Navy service (PRIORSEV). In addition, individuals whc rpay
bave charged their sccial security number (SSNCHNGE) were
removed frca the samjle. These screens ensured that no
ckservaticns were ccirted mcre than once in the analysis.

The observaticns in the AD data were thep screened
to select cnly those fpeople who were tested on ASVAE Fforms
£, 6, cr 7 (IESTFORM) at enlistment. These test foros were
in use dcering the feriod in which the individuals ir tae
data set enlisted. Also, thcse cases whcese subtest scores
(ASVAEs) were impossibly high were eliminated froam the data
set.

Tuc other screens were conducted to capture those
cbservations whc enlisted ir either the Regular Navy or
Naval Feserve (SERVAC(CS), and who were known to have signed
up fcr at least four yjears active service (RECENLST). It is
worth rcting that diring acdel development, the terr of
enlistrert measure (IERMENLT) was consistently significant,
Eut »ith a negative value for the parameter estimate. Ttis
indicated that those individvals who enlisted for 1lcnger
cblicated service actually served less time than thcse sho
signed up fcr shorte1r terms of enlistment. The parameter
estirate fcr ters of enlistzent <chanyed tc a positive value
when the RECENLST screen was isplemented. Apparently, by

screenir¢ fcr four year active duty obligors, the cata set
then e€xcluded those reservists who were required tc serve
cnly three years of their six year obligation cn active
duty. Fcr these observations, a six year term of enlistment

18
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wWas an e€rrcneous value ror the TERMENLT variable. Tkis

importert <dciscovery reveals a jrovable fiaw in earlier
similar erlistmert standards analytic eiforts.

Ancther screer r»cilitated inclusion of those cases
for witick tlere was clear indication of their eligilkility to
reenlist (ELGREUP! «¢r CELGREOP3). The final screer in
settirg up the AD Gdata set iacluded cnly those sefparated
individuals who could Le easily identified Dy "cccd" cr
"bad" irterservice se€paratior codes (ISC). Observaticas
sith separation codes 1in the "grey" area (death, lardstip
discharge, entry inptc cfficer fprograms, or medical disguali-
ficaticn) were removed Irom the data set since it was felt a
legitinate determinaticn of their success or failure could
rot ke made.

Eaving incorjicrated these screens, freguency distri-
futicr apnalysis facilitated the removal of aberrant or
impcssikle <cases. For exanmrle, the maximum lengtk of
service letween 1 Sejptember 1576 and 30 September 1982, the
Feriod of the data lese, was 72 months. Cases wkc were
listed as laving greater than 72 months LOS were removed
from the data set.

~

2. Created Varialles

This discussicn identifies the variaktles created in
additicn tc those already in the master data kase. <(reating
these varialles facilitated more detailed apalysis of clkser-
vaticrs in the AD data set, and enhanced the enlistment
standards mcdel develcrment prccess. The following ccrmmerts
will alsc address tlke reascns for seiecting some variakles
and nct cthers.

a. Predictor Variakles

There were several ways that indiviauals ir tke

paster data base migrkt appear in the AD rating duricy their
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care€er. They may have enlisted in a frogram to beccume an
AD, taker tlke AD rating exam, and/or achievea the AL rating
through cn the job training. To distinguish Letween the
varicts ccmtinations of these fprocesses, an entry grcup
variakle (ENIEYGEP) was created. Freguency analysis c¢f tlis
pew variakle ccnfirsed that the final DMLC rate <cf AD
screered and selected only those cases who actualiy ended up
as ALs. Ar effort was made to develofp models for varicus
combiraticns of these entry grouis during sStepwise recres-
s1on asalysis. However, the derived models were rnot signif-
icant, ané¢ they did not improve upon the models ultimately
selected fcr analysis.

A common fredictor variable 1in enlistmert stan-
c¢ards wucdels is cne dealing with education. The measure in
the master data kase reflecting education level (BYEC) was
converted ficm a gualitative value to a continuous variatle
(CHYEC) to facilitate statistical anaiysis. In additicn, a
dichctcaocus (0,1) variable was created to reflect attairment
¢ a tighk school degree (HEDG). During stepwise agpalysis,
which is discussed in the next chapter, each of tkese two
Dew variatles wvas offered separately as a candidate
predictoxr variable. In nearly every instance, ESCG was
showrn tc ke more sigrificant than CHYEC.

Cther coamncn predictor variables which measure
entry-level attributes are ASVAB subtest scores. 1c allcew
the use cf these measures of ipdividual characteristics, the
SCOLES MwE€re standardized, and the created variaktles
(SASVABs) were <considered during model development. As
menticped ip Chagter 11, standardized ASVAB subtest scores
are used in varicus ccmbinations as composite measures. Cne
cf these ccuaposite variaktles is AFQT percentile (AFCTIECNT),
which alsc yields AF(T groups (AF.TGEKPS). Another ccapcsite
is tie sccre used to determine eligibility ifcr the AD
ratircc. Two variables were created in the AD data set to
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identify this latter composite measure. The Zirst variatle

created (ACCOMPOS) wasS a continuous variaoie whicih had a
value e€cual to the sum of the four ASVAE standarcized
subtest sccres that make up the composite. Tne sSeccad vari-
akle created (ADMINSCR) was a dichotomous variabtle which
distirguished those ALCOMPOS values greater than or egual to
190 frcm thcse ALCOMECS values less than 190. Each time cne
cf tlese fcur composite measures was offered as a caadidate
predictor wvariatle during regression model develcrient,
three sefarate trials were run. One trial containec the
compcsite measure ard all 1z SASVAB variables. Ancttier
trial ccrtained the ccmposite varialkle and only tacse SASVAB
varialkles tkat did nct make uf the compcsite variakle. The
third trial contained only the composite @measure with no
SASVAE veriables. Additionally, the trials ccntained e€itler
RFQTECNT cr AFQTGRPS, and either ADCOMPCS or ADJAINSCh. lhe
Eurcpcse c¢Ii this iterative proceéss was to ensure multicclli-
rearity effects were minimized among the independent vari-
ables. CLuring the develofmert of the regression mcdels,
AFQTECNT and ALMINSCR were ccnsistently shown tc ke acre
sagpnificant than AFCIGRPS and ADCOMPOS respectively. For
this reascn, they +were included amonyg the final candidate
Fredictor variables tsed in stepwise regression analysis.

Another fpredictor variable coammorly ccrsicered
ky erlistmert standards research deals with marital status
and Ccependents. Tie npaster file contains a qualitative
variakle (METLDPND) wshich reflects marital status and nunker
cf dependents. This study created a dichotomous variatle
(DEFENCTIS) which distinguishes single individvals frcm tacse
who are narried and/cr who have children. Again ar 1itera-
tive [frccess revealed this created variable to consistently
e mcre significant.

The effects of race and sex were also corsidered

in tlke aralysis by creating new variaktles. Tte ©brest
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variakle in the —raster file to indicate race and ethric
status ideptified catejories ¢f wnites, blacks and cthers
(RACE) . Since this variable was yualitative, three dunmay
variatles were created (WHITE, BLACK, and OTHER) . 71¢ allow
apalysis of the effects of <s€x, the master file variatle
(SEX) was ccnverted tc a "0 ,1" variable (NUSEX).

Several cther fredictor variatles were ccrsid-
ered and tested for significance and possible 1inclusicn in
the fipal set «c¢f cardidate [fredictor variables fpricr to
develcring the regressiomn models. Age at enlistment
({ENTFYAGE), enlistoent paygrade (ENTRPAXG) and tero of
enlistrert (TERMENLT) were among those seliected. dJapy vari-
ables were rejected Lecause cther measures were tetter akle
to captere the desited effects. One particular variatle
whick did pot show to be significant was the <Cccofpcsite
SCREEN veriakle (SCREEN) discussed in Chapter II. Tnis zaj
e Lecause the <compcnents cf the SCREEN variable are indi-
vidually mcre agrprorriate for analysis, particularly wien
the emfbasis is cn predicticgy cperational terformarnce ir the
fleet. <ciwmilar results were cited by HMcGarvey [Ref. 10:.

The final set of fpredictor variakles created in
the AL cata set are interaction teras. These variatles
represent all twc-level interactions of the seven variatles
that met the specified significance level Jduring stepwise
regressicn analysis. The development cf these variakles is

discussed ir more detail in Chagter IV,
E. Criterior Variakles

As discussed in Chapter II, this study usec two
critericr variatles when develcping the six models--length
cf service measures and success measures. The length of
service measure for regressicp models 1s a ccntinuous vari-

able (TAFMSY), and fcr discrirmipant models is a dichctcmcus
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variakle (SUCCTAF).2 SUCCTAI was assigned a value <¢f t‘one!

if tle value orf TAFES?1 was jreater than or egual tc 438

months, o¢r if the value of TAFMS1 was greater tnan cr egual
to 45 mcnths and the individual entered the Navy in Cctcrer,
Novemler cr December 1578 (LATEENLT). Tois was done to
€nsure tlose cases wic did not have taoe gopportunity tc serve
48 mcrths were nct imprcperly classified as failures.

Individuals were considered as successes, for
furpcses of this aralysis, 1if they served 43 pmcrths <crI
longer, achieved faygrade E-4, and were recoamerded for
reenlistment. Again, Oobservations who did not Lave the
cpportcrity to serve U8 nmcnths were also consideied
csuccessful on the I(S porticm of this criterion if triey
servedé at least 45 mcrtas. The success critaerion variatkls
(SUCCESSZ) captures these measures by consideriag SUCCTIAF
and twc cther created variakles (SUCCPAYG and SUCCREUE) .

SUCCPAYG identifies those cases who achieved E-4
as measured by two created varialbles (PAYGHRADE and NUHIZAY).
EAYGFALE was created from cne of two UDMDC variatbles
{PAYGELE1 cr PAYGRDE:) that measure an individual's faygrade
at the last file update or upcmn discharge frcm the service,
as affrofrriate. NUEIPAY was created Ly ccuverticg ar NERC
varialtle (HYPAYGRD) from a categorical to a numeric vari-
atle. Usirg both DMIC and NHRC measures of paygrade ensured
correct classificaticon of an individual on this [pecrticn cf
the critericn.

SUCCFEUP, the eligikility to reealist fpcrticn cf
tne success critericr, was derived from the DMDC variatle
(ELGHKEUE1) that captired the reeniistment code assigred u;on
an individual's discharge frcm the service. Service memkers
cn  active cuty as «¢f the last wmaster <rile ugpdate were

consicered eiigikle tc reenlist, as long as there was no

criginant anp % sis juires  the € of categcrical
tipuous varil riables:

us
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cther irfcrusaticrc tc the ccntrary. Toe next chapter will

discuss bow the infcrmation ccptained in the AD Jdata set ads
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specifically evaluated using three separate statistical

analysis technigues.
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IV. STATISTICAL ANALYSIS

Three distinct statistical nethods were employed ir ttis
research: Descriptive Analysis, Regression Analysis and
Liscrimirant Analysis. A1l metnods used Statistical
Analysis System (SAS) [fprocedures to analyze the data and
develcr the models. Tablz I contains a list «cf the &6

candicete fredictor/discrimipnating variaoles wused in this

study. In all, six sets of variables emerged, and e€ach set
was aralyzed using bcth regression and discriminart techni-
ques fcr ccmparison. These six sets cf Fredictcr/
discrimipating variatles are shown in Table II, alcng with
the afpfprcpriate criterion/classification wvariable. Each

y{ R

metncd, along with the results, are discussed 1in the
fcllcuing sectiors c¢f this chagpter. It 1is worth mcting

that, wkile the results may nct represent a marked inmfprove-

rent cver the selection process in use when individuals in

e

the data set enlisted, the methodology presented may Ete
applied tc further aralysis of the AD rating cr to any cttler
raticg in tle Navy.

. .,
Py P

A. [L[ESCEIFIIVE BANALISIS

Cescriptive analysis was acconplished through review of

frejuency distrituticns, summary statistics and multivariate

correlaticns.

5 1. [Frecuency Apalysis

Frequency distributicns are summary tables in which
{ data are grouped cr arranged into convenieantly estatlished
- crumerically ordered classes or categories. The fprccess of
data analysis is, tlerefore, zade much mofe wmanagearle and
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TABLE I
Candidate Precictor/Liscriminating Variables
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Variatkle
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frequency analysis wi s perfcroed

In this study,
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and tc ccmpare the results cf this study.

futicos are provided in Apperdix B for the AD rating.
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tative data. These
cf 1lccaticn, dispersion and
extract ard suDmarize fea

Fepresentative summary

¢ata se€t are shown ir Table II1
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TABLE 1II
Mcdel Predictcrs/ Reyression Discrc iminant
Discrimirating Criterion Classificaticn
Variatkles Variable Variakble
A CEPENLCTS TEBRMENL1I TAFMS1 SUCCTAF
ADMINSCR EEDG
ELACK CIHER
NUSEX
E TERMENLT INTERQO3 TAFMSA1 SUCCIAE
INTERC4 INTEROQS
INTER™  INTER21
C INTERC3 INIEROS8 TAFMS1 SUCCIAT
SASVAEWK ENTHPAYG
L CEPENLCTS ESDG SUCCESS2 SUCCESSsZ
CTHER TEEMENLT
SASVAEAI CSASVABWK
E INTZR03 INIERO9 SUCCESS2 SUCCESS2
E INTERQ3 INIEROS SUCCESS2 SUCCES:s2
INTERZY CTIHER
SASVAEEI SASVABMK
SASVAEST R2FCIGERPS
CHYEC
Ncte: Variavle sets A, E, [

and E re

wise regression technig

and F resultea fr
discrifminart technigues.
Table I prcvides thé labels for these

utions,

statistics are useful for analyzing and

sunmary statistics

shape,
tures of

statistics for

sulted from
Ihe var-
om stepwise

descripti ve summary
interpretirg quanti-

represent froferties

and may L€ useé to
the data set.
variakles in tke AD
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TAELE I11
Selected Suamary Statistics

VABIAELE MEAN STANDARD AINIAUN PAXIMTYN
DEVIATICN VALUE VALUE
AFCTECNT 43.4¢ 20.50 6.09 $5.0¢
TAFNS ] 43.2: G- 44 220 72-0¢
ENTEYAGE 18.8¢ 1,62 17:0) 30-0€
SASVAEGI 43.91 7.11 29-09 6€.0C
S3EVAENC 50.4: 7. €2 23200 65-0
SASVAEAL 50- 34 9.28 20009 8C.0¢
S2SVALWK a8 2¢ 7.81 30209 64.00
SASVAEAR 48.9% 6.8 29.00 65.0C
SPEVAESE 49.1% 839 21200 6620
SASVAEEK 0.4 7.01 26.00 67.CC
SBSVAEEI £1.04 6.58 20-00 68.00
SASVAENC 50.0¢8 8. 24 25200 71.0¢C
SASVAEGS 49.57 7. 14 234.00 7¢.0¢
SBEVAESI 50.9¢ 8.48 20.00 65-0C
SASVAERI 51. 1€ 9.£1 26.09 67-00
CEYEC 11.7¢ 0-73 3.50 1€.0¢
ACCCHECS 1€9.9¢ 13213 33.00 264.00

2. rultivariate Correlaticn Analysis

Peasuring the strength of the relations hifp letween
varialtles may be acccurlished Lty correlation analysis. TLis
technigue €rables one to gain an idea of the degree c¢f assc-
ciaticn cr covariaticn that a variable has with arnctter
variakle. The sunmary measure that expresses the extert of
this relationship is the coefficient of correlaticn, £,
whose values range frcx -1 for perfect negative correlatica
to +1 fcr ferfect pcsitive «ccrrelation. Valuas <clcse to
zero indicate little systematic covariation between two
variakles. Correlaticn coefficients fcr guantitative vari-
akles used in this study are ccntained in Appendix B.

Assessing the strength of association between vari-
ables dces not allow a researcher to predict the value of
cne variakle from the value cf ancther variable. The latter
involves regression techniques, and is presented in the next
secticn of this studjy.
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E. HEGEESSION ANALYZSIS

Fegressicn analysis 1s <cpe method wused t> develcy a
statistical model that can predict the values of a defperndent
Cr resgcrse variable based on the values of indejperdent or
€xplaratcry variables. Rather tnan merely measuring the
asscciatior ktetween variables with correlation analysis, a
regressicn nodel attegpts to predict or explain the value of
the critericn variatle by developing an <eguation that is
Lase¢ cn weighted values of c¢ne cr more preldictor variakles.

Ir developing the selecticn models in this study, the
frocess enployed was to first apply a variable fsearca"
[rocedvre called stepwise regressioun. The resultant azcdels
were ther aralyzed L) simple reyression analysis, ard vali-
cated acairst a hcld-cut sarple of the data set. 1lhe
details cf this frocess, the specific models derived, and
results o©f the analysis are reported in the fcllcwing
secticrs. Appendix C contaips a discussicn O regression
analysis assumptions and methcdoloygy.

1. Sterwise Regression

Cne of the desired characteristics of 1 regression
model is parsimopy, which means including the least numler
cf explaratcry varialles that fpermit adequate interrretation
cf the dependent variable of interest. Such mcdels are
€asier tc¢ irterpret ard are nct as likely to be affected by
gulticcllinearity3 fpicblems. In develozing the amodels for
this study, stepwise regressicn frocedures were employed to
find a "kest" combiration cf predictor wvariables, thereby
avoiding the ccaputationally complex and ccstly f[prccess of
€examinin¢ all possible regressions.

_ Jrulticcllinearity refers to the copnditiopn in which scue
cf the i1pndependernt vaiiables are nighly correlated with each
cther. Wwhebd nmulticellinearity is pfeséent, the values cf the
regressicn _coe€fricierts for “the correlated variakles uway
fluctvate dramatically.
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In this study, two sets of candidate fred ictcr vari-
ables were apnalyzed with the stefuwise procedure. The first
set included those ertry-level attributes and measures ttat
were cocrisicered 1likely tc te gJyood predictors c¢f each
critericr, rtased on a review of similar enlistament standards
studies. As discussed 1n Chapter 1II, these variatles
included individual and demcgraphic measures such as mental
ability, aasount of educatica, entry age, entry paygrade,
marital status, AFQT rercentile, and ASVAB scores. Takle IV
Frovides a 1list of the 18 <capdidate variables frca the AD
data set tlat were used in the stepwise procedure.

The seccnd =set of candidate predictor variaktles
included the seven variakles from the first set that met the
specifieé significance level for inclusion in the stefwise
model. In addition, this set included all two-level inter-
acticrs* of these seven variakles. Inclusion of ibnteraction
terms ip this study represents a marked departure frcm
Frevicus enlistment standards research. The results cf ttis
analysis «clearly 1irdicate the presence cf interaction
effects amcng predictor variables. The seven f[fredictor
variakles and 21 irteraction terms used in the <stegpwise
analysis are alsc cortained in Takle IV.

Lsing these two sets of candidate G[predictcr vari-
ables, tte stepwise frocedure was run on each of the two
critericr variables, TAFMS1 and SUCCESS2, waich were defired
in Chagpter 1II. Tke resulting four mcdels were develojed
from a urifcrm randcm split, the derivation sample, cf 1440
cbservaticns in the AD data set. This derivaticp samgile
constituted approximately half of the 2820 total «cases in
the AL data set. Sc¢ doing facilitated cross-validaticn of

- - - ——  —

) 4Ap interactgin involves ‘thf grgduct of twc cr mgre
independent variables, and 1= ircluded 1n a regressicn_model
shen the relaticnship between one independent” varialtle ang
the dependent variakle changes for iffering values of
anotter independent variable [hef. 11].
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develcpment of the umcdels. The predictor variarles tlat
remaired in the mcdel at the termination of the stegwise
[rocedure were significant at p < .10, and most variatles
were sigrificant at p < .05. The four ©wmodels thezselves

were significant at ; < .00C1.

P

<. Multiple RegIession

1he four models developed by the stepwise grccess
were reit analyzed tsing the SAS Reygression procedure to
descrite the particular straight line model that tLest fit
the data. Table V ccntains the printed output frcm the SA
hegressicn frocedure€ that was rum on each of the fcur
pcdels. Fcr comparative purgoses, two models develcped Ly
discripinant analysis techaigues, discussed 1in the next
secticp cf this canapter, are€ alsc shown in talrkle V. The ESAS
User's Guide provides a detailed descripticn of the statis-
tics that are included in the tables, a3 well as their
gethcé cf ccmputation [Ref. 121. It can ke seen that Fcdel
E, with tle hiyhest EF-SQUARE and all variables statistically
signiticant, is the freferred regressiomn model.

1he propcrticn of variation in the «c¢ritericn vari-
able exglaiuned by the set of predictor variables selected is
called tle «coefficiert of myltiple determination, and is
denocted F-SCUARE. The values of R-SQUARE for the umcdels
develcped in this study are relatively low. This may ke
rartially attributakle to the large number of observaticas
in the AL <dcata set. However, it is also 1likely that the
variaticrn ¢f the «criterion variakle, length of service or
success as defined ir this study, is also due to factcrs not
captured Ly the entry-level attributes and measures used as
predictor variables. These factors, which affect an indi-
vidual's performance and decision to remain in the service,
fresent themselves subsequent to enlistpent. They may
include satisfaction witn initial assignment, gecgrafghical
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are issues that are appropriate for more so;histicated geth-
cdolccies, fcr example, covariance structure analysis which
can treat «complicated enlistment standards models as a
series of simultaneots eguaticns taat capture perfcrmapce as
a "gultiple-stagye" prccess cccurring throughout an irdivicu-

al's gilitary career. [Bef. 10]

3. JValidaticu

The results <¢f the reyression procedura were next
valicated acainst the hold-cut sample. Each of the regres-
sior ncdels was derived frcm a uniform random sample, the
derivaticr sample, <c¢f the ckservations in the Al data set.
The SAS Fegressicn ;rocedure was employed to <calculate the
Farameter estimates fcr the asscciated predictor variacles
using cata from cbservations ip this derivaticn sample. 1Ihe
SAS Sccre procedure then used these estimates to predict the
value c¢f the critericr variable for each ctservaticn ir the
validaticr sample. Finally, these predicted values were

correlated with the actual values of the criterior 4ir the
validaticn sample. 1Tlese correlations represent the valida-
tion ccefficients fcr each mcdel, and are shown in Takle VI.

TABLE VI
Regression Model Validities

Mcdel First Vvalidity Second Validity Average

Coefficiert Coefficient Validity
A 0.21342 0.20317 0.21
E Q.2153¢€ 0-.21683 Qez2
§ C 0.1445¢ 0.13612 0.14
- L 0.17387% 0.13766 0.16
) E 0.1779¢ 0. 12751 0.14
F 0.14430 0.13531 0.14

Ncte: Tite First Validity Ccefficient is the result cf

° tte crcss-validaticn, and the Second Validity
Coefficient results from the doukle cross-

] validation. The repcrted average is the siagle

{ arithmetic gmean.
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As a further check <¢f the wvalidity of the =six

regyressicn models, the process was repeated ty deriving
Farameter estimates from the validation sample, and using
these estinates to ccirelate the actual and predicted values
cf the critericn for cbservaticns in the derivation sarngle.
This dctile cross-validation technigue 1is descrikeé in
detail ty Camphell [Eef. 13]. Table VI alsc contains tais
seccné set cf validity coefficients for the six models.

Cccasionally, concerr 1s expressed that random
csamples ray not be from a homogjeneous populaticn, and,
therefcre, the sample ccrrelaticns may differ from the [ogu-
laticn ccrrelations. One mpethcd of addressiny the fprcklen
cf hetercgereous samples is tc average the correlaticn coef-
ficients tc obtain a single estimate of the [fcrulation
correlaticno. If the sample correlations are of akcut the
same value and if tley are not too large, as is the case
with this study, this simple arithmetic mean will suffice.
kere this not the case, nowever, another technijue is tc use
transfcraations to Fisher's z <coefficients. [Ref. 14 1he
simple arittmetic average ccocrrelations are also presented in
Table VI. Appendix C contains the program used to calculate
valicéity ccefficients.

C. LCISCEIMINANT ANALISIS

Tke third statistical method employed in this research
was discriginant analysis. 1The use of discriginant analysis
allcus cltservaticns tc be classified into two or more groips
cr categcries on the kasis of cne or more numeric variatles.
As was dcne with regression analysis, the discricinant
podels were derived ard analyzed from the derivaticn sample
of the data set, and tested against the hold-out sample of

cbservaticns. Variakles in the model were again selected
using stepwise technigues. The resulting two models, and
3c
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the fcur mcdels develcred by regression analysis, were then
analyzed using the SAS Ciscriminant procedure. The prcgranm i
used ip this apalysis is contained in Afppendix D, alcng with £

a discussicn of discrimicant anaiysis assumpticrs and

P )

pnethcéclcgy.

1. Stejwise Discriminant 3nalysis

3

The SAS Stepwise Discriminant fprocedure was erplcyed
to select tie most useful discriminating variables. It is a ]

logical and efficient method of choosing an ortimal c¢cakira-

. N

ticn cf variables. Their selection to enter of leave the
pcdel is fased on eitker the significance level of an F test
cr a sguared partial ccrrelaticn criterion. The selected
variakles are those which ccntrikute most to the discrimira-
tory rcwer ¢f the model. [Fef. 12]

B YN

The variables <chosen Lty the stepwise discriminant
[Locess were selected from the 46 candidate variakles shcwn

previcusly in Tatle I. 7The entry-level attributes ard meas-

®.. .

ures that were cconsidered likely to be gocd predictcrs, as
discussed in Chapter 1I, rerresent 25 of these candidate

variatles. The other 21 variables are the two-level inter-
acticr terms considered during regyression amalysis of the AD
E cdata set. The prccedure was run on each of tke two

critericr variables, SUCCTAF and SJUCCESS2, discussed in

SRS

b

t Chapter 1II. The criterion variakles define the grougs irto
b

- whick e€each <cbservaticn will Le classified Ly discrirminant
A

analysis, and are called classification variatles.

L@
.9

2. Liscripipant Apalysis

R mm e RS aemes ==

As previously menticned, discriminant aralyesis 2

involves thke study c¢f differences between two <CcI ncre

'
ey

groups, defined by a single ncminal level variable, with a

set ¢f ccmacn discrisinating variables.

4
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Tte SAS [iscririnant Analysis procedure prcvidec tae
zeans fcr «conductinc discrimivant analysis <c¢f the ALl Jata
set. 1The frocedure sas run on caca of the six models devel-
cged Ly stepwise 1egression and stepwlise discrirminant
[rocesses. Zach clservaticn 1is placed 1o the class from
which 1t bhas the =spallest generalized sgjuared distance.
Alsc taken into acccunt were tae prior probabilities of
grOuUf Te€kkershig. lbese prckabilities -are cbtained rrIoa a
ireguency distriktuticr c¢f actual successes arnd failures cf
the saaple cata set. This was considered ap ropriate siIce
this =study is attempting tc improve upon the selecticn
frocess in use at tie time the individuals enlisted.

Jakle VII cortains the results of discrimipart anal-
ysis. Fach procedure incorpcrated the prior prokatility cf
grouyp menkership, irdicated cn tne classification matrix as
ERICEES. The classiticaticn matrix is divided intc fcur
€lemerts which depict the number of actual (row) VEL SUS
fredicted (cciumn) classifications into successful (1) cr
failure (0) groujs. The fcur eleaents (actual, predicted)
in the matrix are:

(0,C) The number ci failure cases predicted tc re
faiiutes
{(1,C) The number of successful cases jpredicted tc
te faiiures
(0O,1) The number cf railure cases predicted tc rLe
successful
(1,1) The number orf successful <cases predicted tc
te successful
Fach secticn first ccrtains the classification matrix devel-
cped Lty aprlying the classification function to the deriva-
tiorn =anm,le. The second <classification matrix depicts the
results of applying this same <classificaticn functicr to
Cobservaticrs in the kcld-out sample, therekty validatin¢ the
godel.

37

e

JA;IAA'.'

X I

gt A!

o,

e

! .
b

[P

PN WY )




Tte tafkle alsc sncws two rates relevant tc eacn

classification matrix. The first rate 1is the percertace ot
correct «classificaticns, called the '"hit rate", wnich

[rovices a measure€ c¢i tue accuracy of the Jdiscricinant

medel. The seccnd 1ate 1s the percentaje of enlistecs wio
were classified as (1,1) ccrpared to all cases wic wWe€re
predictedé as successful. It is called tne "success rate",

and it prcvides a measure cf how well this selecticn mcdel
would pave ferformed. It may re compared to the cricical
selecticr strategy success rate, the fpriors. Success rate
is ar impcrtant consideration with utility analysis, and
will ke addressed further in Chagpter V. As with regression
analysis, Yodel B is again the freferred model sirLnce it is
the crly «cne tadat iaproves ufon the selection strategy in
existence during the timeframe of the AL data set.

Tc illustrate how the results may te intergretec, anm
€xanple c¢f the «classificaticn matrices for Modei A will be
expiaired. The model correctly «classified 49 oiLservaticns
as rfailures and 1079 cbservaticns as successiul. The sum of
tnese ccrrect classificaticns represents 78 percernt cf the
total c¢f 1440 observations in the derivation samfle. To
test the 1@mcdel's accuracy, the classificaticn furncticn is
applied to tae validaticn sample. Tae secocod classification
matrix irdicates 47 failure and 1039 successiul observaticas
were ccrrectly classified. 1The sum represents a hit-rate of
79 percert cf the total of 1380 observations in the hclid-cut
cample. Tte <ccnsistency cf these hit-rates indicates the
podel is valid. Tte model tetters tne 85 fercent success
rate experienced by tte Navy with the selecticn process used
at tte tire the chservations enlisted.

However, it is difficult to =significantly 1mfrcve
upon suck a high success rate. Additional entry-level
attritutes and geasures night be found tc better capture

success as defined ir tahls study. An alternate apfproaca

3€
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would ke tc redefine the success criterion. 1In e€ither case,

however, tle methodclogy rresented inm this chapter &@may ke
similarly fcllowed tc develcyp and test enlistment stanéards
codels. The next chapter will discuss a method by which the

ytility cf such an effort may Le measured.
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TAELE VIIX
Discrisinant Amalysis Results

Fodel fFricrs Classification #datrix it
C 1 Rate
A 0.15 0.85 Eredicted 0.78
SCCCIAF
C 1 Total
Actual 0 49 16 1 210
SUCCTIAF
181 1079 1230
Total 200 1240 14490
Predicted 0.79
SUCCTIAF
0 1 Total
Actual 0 47 136 183
SUCCI2F
1 188 1039 1197
Total 2C5 1175 1380
B 0.1% 0.85 Fredicted J.85
SUCCTAF
0 1 Total
Actual 0 1 209 210
SUCCITAF
z 1228 1230
Total 3 1437 1440
Eredicted J.87
SUCCTIAF
0 1 Total
: Actual 0 0 183 183
. SUCCIAF
. 1 1196 1187
4 Total 1 1379 1380
[
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Model

C

Ericrs
C 1

C.15 C.85

0.23 C.77

Classification Matrix

tnh=
Ot
Oc
o
N

Total

et e T W R R T e e e W TN W e W W

FPredicted
SUCCTIAF
0 1
15 195
46 1184
€1 1379
Eredicted
SCCCTAF
0 1
8 175
€2 1135
70 1310
Eredicted
SUCCESS2
0 1
302 35
8¢€9 214
1191 249
Eredicted
SUCCESS2
0 1
277 41
< 212
1127 253
41

t Succes
-
C

ii
Rate [FKate

0.83 0.8¢

Total
210
1230

1440

Total
183
1167

1380

Total
337
1103

1440

Total
318
1062

1380
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Mcdel

Ericrs Classification Matrix it Success
C 1 kate FLRate
22 C.77 Eredicted 0.70 0.7¢
SU0CCESS2
¢ 1 Total
Actual €5 242 337
SUCCESS2 )
1€7 916 1103
Total 282 1158 1440
Fredicted .72 0.7¢
SUCCESS2
C 1 Total
Actual 112 206 318
SUCCESS2
174 838 1062
Total 286 1094 1380
23 C.77 Eredicted J.55 (.8¢
SUCCESS2
C 1 Total
Actual 238 99 337
SUCCESS2
€8y 549 1103
Total 7¢2 648 1440
Eredicted J.50 (.82
SUCCESS2
¢ 1 Total
Actual 218 100 318
SUCCESS2
561 471 1062
Total £09 571 1380
4z
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Tbkis chapter cortains an explanation of tae afpplica-
Eility cf utility aralysis to the development of selection
jroceduvres, and discusses the thecry of utility apalysis.

The metlcdclogy used in this study to apply utility analysis
is descrikted, alcng uith secticns on the calcuiaticn cf cell
prokaklities for regression and discriminant models, a&anc¢ a

secticn cn estimatinc cell utilities. More detail «cr the

[
- e

calculaticns and proc¢rams used for utility analysis may be
fourd in Appendix E.
A. EUBECSE OF UTIILITY ANALYISIS "

The development c¢f a mcdel for use in predicticg an

applicant's future performance in a particular jok is a very

recessary part cf most selecticn procedures. However, tae

godel itself does r1nct constitute enough informaticr to
€rnakle a decision to be made ¢n whether or nct it is worth
implementing. The yalidity of the model is ome indicatcr cf
its pctertial usefulress but, as will be seen, other factcrs
significantly affect the usefulness of a model. All crgari-

zaticrs would fird it valualkle tc be able to judyje the worth

e €

cf their strategy in guantitative terams, particularly wlen
comparin¢ their existing strategy to a newly develcged,
competing strategy. A framework is needed which will allcw
the evaluation of a selecticn podel in terms cf the institu-

—

tional gains (or losses) that are expected to result wten

PEL
e

- that 1gcdel is used to guide decisions on selecticn.

Classical vutility analysis frovides such a framewcrk, ard it o
allcws tlke calculaticr of usefulness to be made in tercis cf _1
actual <dcllars, whicia facilitates the <comrariscn cf cne 3
selecticr mcdel with ancther.

&
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.




A A o S AR A Tl Vet i N TV A

E. TEECEY CF UTILITY ANALYSIS

Ir the context c¢f utility analysis, ther € azre fcur

cutccges cf interest associated with selection decisicrs.

These cutccmes are:
¢ Valid Positives (VP), which refers to the nuater
cf arplicants that are bired and wanc turn cut tc :
e successful cn the jok.
e False Positives (FP), which refers to the nunlter
cf arrlicants that are hired and who turn cut tc
e unsuccessful on the jct.

L

¢ False Negatives (FN) are the people whc w2re nct
hired, oDbut wkc would bhave beenm successful if
ttey had teen lired.

¢ Valié Negatives (VN) are the people that were
nct Lkired, andé who would have been unsuccessful
if tley had Leen hired.

It is ckvicus frcem tle terminclcgy and the explanaticns tkat

N

VP and VK ccnstitute correct selection decisicns, .and Fr and
FN rerresent selecticr error.

Tlese cutcomes are perhaps €asier to understand withk the
aid of a diagram. Ficure 5.1 shcws the relationshir Eketween
bypottetical predicted (from a model) and actual scores on a
job rerfcrmance <c¢riterion icr a large ©rnumber <ci Job

agplicants.
The ellipse contains the data on predicted apd actual

critericr sccores. Ir this diagrammatic example, the ccrre-
L! laticp Letween the predicted and actual scores (the mcdel’s
- validity) is aprarent--higher predicted scores are asscci-

ated witlk higher actual scores and vice versa. The pcint y
. cn the vertical axis is the dividing line between what is
{ consicered to be successful performance (say completicn c¢f
! 48 mcpoths cf service icr first term enlistees), and urnsuc-

cessful ferformance (less than 48 months service leicre
¢

vV
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Figure S.1 Hypotketical Predicted and Actual Sccres

discharge) . In utility analysis the term base Late is

defined as tnat gprcpcrtion c¢f «current ewmployees whc are

consicdered to bLe successful. If seven out of wevery ten

€emplcyees are successful, then the base rate is .70.
Foint X cb the morizcntal axis is referred to as t

£COIE. If an agplicant's fredicted score (from the

The
he cut
rcdel)

is greater than x, then that person will be accepted

thired), ard if theiiz predicted score is less than x,
they will fte rejected (not hired). The locatica c¢f

([~ ™

borizcotal axis will cften depend on the selectio
which is the fropcrticn <c¢f agplicants that need
k

< e

accepted in order tc¢ fill a <certain number of jc

tlen
cL tae
ratio,
tc te
1f,
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cver tte ccurse c¢f cre year, 80 job vacancies are expected

to cccur and if 100 ajpplicacrts over the year are expected to

arply fcr tlkose jobs, then the selection ratio needs to be

. I¢

.80 1f all vacancies are to ke filled. Iu the hafppy circum-
stance (frck tae recriiter's pcint of view) where there are 5
tar scre applicarnts ttanm jois, then the cut score x will ke

5. X

choser sc as to paximgize the utility cf the selecticr frcce-
dure. Ctility is defined here to mean the expected gain in
écllars that results freoem a particular selection strategy.
Tke lines geperated fror the lase rate and the cut sccre
divide tte sample irto four cells as showan. Each cell

contains thke people who are classified into each of the fcur

RUSRECN . X SO

cutccnes ¢f 1interest. In cells 1 and 2 are people whcse
predicteé score is Lkigher than the cut score. Trerefcre

. '

these recple would be classified as accept. These accepted
[eople (tke positives) are further divided into th¢se who
would te successful (valid fositives) and those who wculd be
unsuccessful (false [csitives). Cells 3 and 4 contain the
reople wkc scored lower thanm tbe cut sccre ¢n tne predictcr,

and tlese wculd be classified as reject. Again, =scre of

. f
arar

these rejected cases would have been successful (false g
rejatives), and some would have failed (valid negatives).
In uwtility amalysis it 1s ccbvenient to convert the cell

s FORN

counts (represented ky VP, FE, FN and VN) to propcrticrs oz
the cverall sample, =so each ccunt is divided Ly the rumkter :
cf pecple 1in the sample and the cell prcbabilities (PVP, ]
FFP, EFN andé PVN respectively) result.

Cre further result of ipnterest is the success rate. 1he E
success rate 1is defired as the proportion of hired apgpli- '
cants whkc are, or will ke, successful. It is simply fcurd by
dividing EVE by the sum of EVPF and PFP. !

A

Giver tlke concepts and terrinologyy outlined akove, it is
now pcssikle to disciss in  general terms the factcrs that
wili affect the cell frcbabilities which, in turn, affect
the expected utility.
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1. redel Validity )

lhe model's validity, as measured ty the correlatiorn

L

Ietween fredicted andé actual scores, 1is one factcr ttat
deterasines the degree of selecticn error resulting frce the

selecticr strategy. If the wvalidity is high, ther the

Frogpcrtices of correctly «classizied geople (PVP and FEVN) 3
will ke tigter, and the selection error (EFP? and EFN) will
te lcuer. Vineberg and Joyner in their review of almcst 150
gilitary =studies related to Jjor performance [predictica,
found tbhat validities range frcam .15 to .40, from a tctal of
350 validity coefficierts [ Bef. 15]. Generally, valicities
withir this range wouvld be considered as low cr mediuzm. 1

If the wexisting base rate is Ligh (say .70 or i
greater), then it means that wnatever selection stratecy is

currently ir use has a high rate of success in identifying

Fotentially successful applicants. Under these circun-
stances, it is unlikely that using a new model in the
staffing [rrocess would yield much of an imprcverment 1in
correctly selecting ajplicarts. A high base rate means tkhat
the «cell probabilities for EVP and EFN are going tc be
tigher tltar for PEFP ard PVN.

oy

. Selection Ratio

Assuming the scdel is valid, the lower the selection

A e e e, ne

. ¢ ratic, tte more useful the model will be in identifying
- successfyl applicants. Decreasing selection ratics mean
) that tbhe orcanizatior can be increasingly selective ir whcen
it hires. Naturally, it will ternd to accept only thcse who

e score richest on the jpredictor, those who are alsc predicted

gost lixely to be successful. a low selection ratic (high
cut sccre) will mear that EVE and 2F? will be small. It

g
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also fcllcws taat a lcw selecticn ratic will yield a higter
syccess rate-—altoouct few pecple will be hired, pcst of

them wiil represent ccrrect selection decisions (FVP).

C. ESTIEATING TEE UTILITY CF A MNCDEL

Tbe expected utility (EU) c¢f a model 1s found Ly suaming
the prcducts of each cell fprcrakility and its asscciated
cell vutility (U1, U2, U3 and U04), and subtracting tane cocst
cf giving tie test tc an applicant (UT).

EU = U1(EVWP) + U2 (EFP) + C3(EFN) + U4 {(PVN) - UT (5.1)

Arperdix E contains detailed descriptiors on hew cell
frotakilities and cell utilities are determined. Fcr a
discrismirant model tle cell fpickabilities npay be readily
derived frcm the output of the SAS Discriminant grccedure,
tecause tte model classifies cases into predicted successes
and predicted failures. In the regression model the cut
score is nct Xxncwn ir advanpnce, so cell protabilities that
result frcr a number c¢f possitle cut scores are calculated,
and a cut =score 1s eventually chosen based on which set of
cell pictabilities mazimizes the utility of the model.

Tke fcrzula £for calculatipg the expected utility c¢f a
rodel recuires tbat a utility be assigned to. each selecticn
cutccre. These cell utilities are designated U1 thrcugh U4
and are associated with the cutcomes vp, FP, FN and VN
respectively. The Billet Cost Model provides an estimate of
the ccst tc the Navy cf staffipny a billet. Inp this study it
is assumed that this ccst is egual to the marginal prcduct
cf a successful sailcr, and so the utility of a valid fosi-
tive (C1) is assigped a value of $24,163 [Ref. 1€]. No
Frover technigue exists for estimating the cell utilities

for the toree otker selection outcomes. Individual

4t
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circumstances and [frevailing market conditions 1zake 1t
difficult tc¢ estimate these cutcomes with ©real confidence,
so these cell utilities were estimated relative to U1, and a
pincr fcrm cf sensitivity analysis was conducted. The cell
utility ¢f a false pcsitive (Uz) was assigned values c¢f -.5,
-1 ané -:z. Valid necatives (U4) were assigned an egual aand
ccpcsite utility tc U2, and false negatives (U3) were
assigned values ¢f 0, -.25 and -.5.  Table VIII shows seven
Jifferent sets of cell utilities thet were considered.

TAELE VIII
Relative Cell Dtilities

U1 U2 u3 U4
1.0 -0.5 -0.25 0.5
1.0 -0.5 0.0 0.5
1.0 -1.0 0.9 1.0
1.0 ~2.0 0.0 2.0
1.0 -0.5 -0.5 0.5
1.0 -1.0 -0.5 1.0
1.0 -2.0 -0.5 2.0

Tte ccst of administering a test (UT) is of sigrificarce
if thke ccsts of testing are differeat for ccmpeting selec-
tion strategies. 1ke models developed ip this <study cse
¢ata catlered from thke existing tests, and therefcre the
costs cf testing will remain mucn the same. Thus in this
context, UT may be icnored since it agpliies e ually tc¢ the
cld ard rew tests.

L. BESUITS OF UTILIIY ANALYSIS

Takles IX and X ccrtain the results of the utility anal-
ysis cr the regressicr and discriminant models respectively.
The "Perceirt Change in EU"™ «c¢clumn 1is the result cf the
compariscn c¢f£ the amcdel's utility with the utility c¢f the
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Navy's criginal selection strategy (base line utility). A

[ositive fpercentage clkange in EU 1ndicates that the raximoua

il

utilit; cktainable ficm tae xcdel is hnigher than the utility
cf tbhe criginal selection strategy. An increase 1n utility
cf say $%0 neans that the Navy saves 350 for each selecticn
¢eclsicr (ccrrect ¢r 1incorrect) that is made by using the
rodel rather than tte original strategy. For the mcdels

i domein

witn the SUCCTAF or TAFMS!1 criterion, the base rate is .8¢€1,
i.e., E€.1 percent cf the fecgple selected by the Navy were
successrul. These fecple can be thought of as tke vaiid
;ositives ¢f the original strategy and the remainirg 1:.9

RLWOT Ty SO

jercert are false [fcsitives. (For tne SUCCESS2 criterion
tnese figures are 76.8 percent and 23.3 percent.)
tofcocrtunately it is pnct possikle to calculate the values of i
taise ard valid necgatives so these are considered tc be

2€ero. For the TAFME1 or SUCCTAF criterion then, the cell
froratilities for the original selection strategy are EVE =
.361, PFE = .139, PFN = 0 and EVN =0. 1The Lase line utility
for eacth c¢f the three differert combipaticns of U1 and U2
can then Le calculated. The model utilities are tten

tehetenchnctodiiebtes

conpared tc these base line vutilities and the differerces,

exbressed as a [fercentage of the base 1line utilities, are
reported. Similarly the base success rate c¢f the crigiral
strategy is also .861 (for the TAFM3S1 or SUCCIAF criterior).
Tae cclugn "Change ir Succrate" reports the actual differ-
€nce Letween the models® success rates and the rtase success
o rates. The column "SRATIO"™ shows the selection ratic ttat
results wker the cut score is chosen so as to mazximize the

utility, for each set cf cell utilities.

PO U WY Y

Fcr most sets of cell utilities, the regression
sodels developed shcew little improvement over the crigiral

¢ selecticr strategy. In mcst cases the selection ratio is

.?' 5C
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very «clcse to 1 ané the rercentage 1ncrease in e€xfpected
utility is very small. Tois is not a surpgrising result
fecause the model validities are relatively lcw (arcund .:z0)
and, &more csignificartly, the Lase rates are very high at
.861 ard .7¢8. It is 1interesting to note, however, tlat
when tte ccsts cf a false pecsitive and the benefits o1 a
validé necative are hich, then the selecticn ratic is driven

down, ard tte utility and success rate Jo up.

<. Iiscrimirant Fcdels

In general thke discrirircant models did nct jezrfcra
as well as the regression mcdels or the Navy's «cricisal
selecticr stratecy. Fcr scme mcdels the percent change in
EU was a significant fcsitive nubter, but these were usually
associated with extreme assumpticns orf cell uytilities. In
additicr tc the factcrs menticned in the previcus sulsec-
tion, this pccr [fperformance is because the discriginacnt
models lack the flexibility tc vary the «cell prokarilities
deperding c¢r the valtes of the cell utilities. There 1is no
cpticr tc vary predictions depending on the consequences of
correct ard incorrect selection decisions, and thus crly cne
set ¢t ce€ll protabilities is available for each discriminant

gcdel.
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TAEBIE IX
Utility Fesults - hFegression Mcdels
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Gtility Besults - Discriminant Models
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VI. CONCICLSICNS ANL BECOMMENDAIIONS

Tbkis stuydy set cut to r[rcvide a method <foc develcging
enlistmert standards models which imfproves wupomn sirmilar
Frocesses rresently ir use. Toward that end, sigrpificant
advances have been made, particularly wben_compated tc [ricc
studies cconducted at the Naval Postgyraduate Scaocl. lhe
tecnpigues tsed provide a much more comprehensive approach
to mcdel develogment. They employ regressicn analysis to
fully develcp the stefwise regression results. In additicn,
stepwise discrizinant gprocedures were wused to fircé an
cptimal mcdel pricr to full discriminant apalysis.
Alterpative criteria for @measuring successful oferatioral
pecfcrmarce, iccluding a c¢cntinuous length of service
critericr, were incorjporated in the models. Finally, -each
rodel was analyzed tsing Ecth regression and discriminant
apalysis technigues.

Ferhaps most sigrificant is the presentation of a means
Iy which the benefits from such efforts may be gauged. lhe
develcprent of ibnovative utility analysis programs affords
future researchers ar €xcellent opportunity to measure in
gonetary terms the benefits tc te derived from implemexsnting
4 new selection strategy. It is important to reiterate that
the statistical and vctility apalysis technigues presepted in
this study may be easily arplied or modified to accomucdate
selecticr standards wmodel development for any of the acre
than <0 Navy ratings ccntaired in tne master data Lase.

A seccrndary puigcse c¢f this study was tc <dcisccver
whetber the models develcped isprove upon existing selection
and assignment stratecy for the AD rating. By and larce,
the @models presented do nct appreciably enharce the
[rocesses used since 1S76. 1be models do, however, allow
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coe tc fccus on some specific ccnsiderations in the current

screering jrocesses. For exarzple, Models A, B, ard C allow

b /.

Folicy make€rs to consider length of service in aonths, and
tc vary the critericr for measuring success. This caja-
Eility is rarticularly apfpropriate for use in a dyraric

Iecruitirg market.

oL

A. BRESUIIS

Tbkis study yielded several cther results worth cctirng.
The term cf enlistment variable may be used tc fredict
success ncw that it has been corrected to reflect active

.}

duty «c¢ktligation. This is particularly important wlen 4
assessing Naval EReservists, whose six year contract cener-
ally regquires caly three years of active service. Tue

C 19

change frcm a negative to a significantly fpositive ccrrela-
tion c¢f TERMENLT on the criteria is one of the mcre igpcr-
tant discoveries of this research effort.

This study also determined that the usefulness of the

SCREZEMN ccupcsite sccre in predicting job fperformarnce meas-
ures was virtually ronexistent. It appears tc ke mcre
apprcpriate to use the SCREEN score components ir the
zodels, at least wher attesgpting to predict cperaticnal job

Ferformarce. Ncntraditional ASVAB subtest scores, such as

Auto Infcrmation, ray alsc te appropriate for use 1ip the b
SCree€rirnc¢ [frocess. Another sigynificant finding cf ttiis

study is the defirite presepnce of interaction ffects.

o JUREDW

Considering perscnal measures omn an individual 4ir ccnjunc-
tion with cther measures represents a marked <change in
current selection fpractices.

T¢ summarize the results of the statistical analysis,
the variakles &measuvring term <c¢f enlistment, educaticn,

deperndents status, sex and race emerged as refeatedcly

it O

significarct predictors c: successful ofrerational

in
i{n

R
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Ferfcrmarce. The ccoposite geasure of eligibisity fcr the
aD rating, and the 2SVAE Auto Informaticn sufttest sccore,
were alsc =significarnt predictecr wvariables. In additicn,
¥odel E was shown tc ke the Ltest regressiorn and discririnant
rodel.

The results cf the application of utility analysis stow
that the regression 1mcdels developed in this study rerfcra
as well as or better than the original Navy stratecy which
was used as the cconjarisor (kase line  utility). It 1is
important tc note however, that tae methodology used in this
Fart of tle study ensured that regression models will
provide a »gnaximum utility at least equal to the lLase line
utility. This is because the techanijue allcws tae cut sccre
to be set sc low that all cases are accepted. Models A and
F are ccrsicdered tc e the rest of the models because ttiey
[rovide for significart increases in utility without having
to rescrt to impractically low selectiom ratics. 1lhe
discrinirant Models 3 and E are better than the <ctaecs
tecause improvement cver base uvtility is gossikle, deperding
cn the cell utilities.

As was mentioned in Chapter V, the high existing base
rates are an irdication that newly developed mcdels are
unlikely tc prodice suferior resuits. Utility analysis 1is
hindered Ly the difficulty c¢cf «confidently estimating the
individual cell utilities, and this is an area that is in
need c¢f further research. It 1is also difficult tc ccmpare
pew se€lection stratecies to existing ones because it is
impossitle to classify the cases rejected by the existing
strategy as valid or false pegatives. Data of this scrt can
cnly Le citained Ly testing all applicants and then
accepting all of thex, regardless oi their relatiorshifp to
the cut sccre, or to the desired selection ratio.

e T W F
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D Lespite the advarnces made ky this study, there regains :
q rany cppcrtunities tc refine the models presented for the AD D
{ ratirg, and to develop nmodels for cther Navy ratincgs.

{ Erocecdurally, these cprortunities include testing fcr curvi- )
h linearity ¢f the models, exrzanding the interaction terams to ':

three ¢r mcre levels, and seeking different coabinaticrs ol
2 ASVAE sultest scores as pctential predictors. There may
[' also Le cther measures not evaluated by this study that are

3 significant operaticral performance gpredictors, suct as

.

enlistrert waivers, [EP status, or involvement with cival
authcrities.

——

Ccnsideration stculd alsc be given to altering the
critericrn variables. Cne particularly promising acd-ustment ]
pay ke tc change tle critericn to reflect achieving E-5.

This wmay ke appropriate since the models developed aprear to

.

do a letter job of jredicting lcnger LCS, as indicated Lty

freliginary residual analysis. Developing separate mcdels

that yield iredicticrs of shorter LGOS may also be in crder.
Tke nultiple-stage analytic approach referred tc¢ ia

Chapter IV also éepfpears to Lte a fpromising technigue. Sucih

analysis gight ccnsider change in dependent status, perform-
‘ ance €valuations, or advancemnent exam results as variaktles

in a mcdel.

Tc improve the «tsefulpess of wutility amnalysis it is
impcrtant tkat a tectnijue e developed to estimate cell
utilities with reascratle accuracye. Such a technique rpecds q
to ke akle to control for charges in the recruiting market,
and e sensitive tc tae cbanging Navy reguirecents for
Iecruits. It 1is ailsc lapcrtant that data ke gathered on

¢ applicants who are nct accepted into a particular rating, tc

SR RN

allow researchers tc cetermine if they were reclassified to

another rating, or re;ected «¢. tirely.




Ir ccnclusion, it is clear that continued effcrts to
develcp selecticn <standards wmcdels for ail ratings are
€sseptial. TFor it is through these efforts that the ccst c¢f
traiping ard maintaining Navy personnel will be «reduced.
The resultant experienced career rorce will ensuré the wavy

is ready tc meet any glokal ccumitment.
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DATA EASE D ENT PRCGEAMS

This appendix [prcvides the SAS prcgrams used in tkis R

study tc access the nmaster data base, develop the AL data
set, anc create new fredictor and criterion varialkles, as
discussed ip Chapter III. Each jrograa coztains the job
ccntrcl language information afpropriate to tae Navail
Fostgraduate Schcol's IBM 3C3: computer system. Statistical
Analysis Sjystem (S2%) statements are employed ir thae
frograss tc acccmplish the desired functioas. These £AS
statements are normally preceded by compments tc explain
their furpcse, the cciments Leing identified Lty an asterisk.

Takle XI corttairs the prcgram called "“ADSETUP". This
Erogram was used to access the pnpaster file and extract
informaticr on Aviaticn Machinist's Mates (aD). (Ihe master
file tare, originally called "ENLIST", has <receatly Leen
revisec and relalkeled "NPS709%.) The data file created by
this prcgram is called "ADDATA", and it contains the iritial
243 variakles frcm the master file. Alsc frovided irc the

Erogranz are the varialle nauzes and labels. The prograi zay
ke used to extract data from the master <file fcr ary of

apprcximately 90 Navy ratings siBgly by entering the agpro-

R
’

[riate akkreviation and four digit code for the <selected

ratire.

S Takrle XII provides the program called ™ADSCREEN" tlat ,\‘
j t%as used tc screen tlke data extracted from the master file. G
g These screers were performed cn ckbservations in the “ACLATIAM K
f file, ard the results were placed in a file «cealled -
E‘ "ADSCUESE1T™. Because of the large nuaber of cases ard vari- ®

: ables ir the data, sufficient computing work space was not
t availatkle. Therefore, the SAS KEEP statement was used to

wn
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retaip 11€ c£ the iritial variables for analysis. It was
El? felt tlese 116 variakles captured all the desired measures
: cn the <cLservations that would Le reguired for apalysis.
The last screen was ircorporated folilowiny fregyuency distri-
tuticr aralysis to reiove cases that had akerrant cr imgpcs-
sible data associated with thes.

Takle XIII ccntairs the frcgram called "AZNEWVARY. This
Frograg was emplcyed tc create new predictor and criterion
variatles, as discussed in Chapter III. The precgrarm ucsed
informaticn on okservations 1p the "ADSUBSET" data file to
create tre rew variatles, and placed the results cf these
creraticrs in a file <called M"ADALL4"“. This file tkus
constitutes the AD <dcata set referred to throughcut ttis
study. It contains ail of the selected and created vari-
ables that provide irformaticn on the 2820 ADs whc remaired
in the cata set after all screens were acccmplished. it is
this file that was used to ccnduct the statistical analysis
for tikis study.

The "ALMEWVAR"™ rrcgram lists all created variakle pames
and larels. It alsc cortains the SAS statements tlhat
converted several gualitative variables to numeric variatles
¢r dichctcpcus (0,1) variables. Finally, the progral sh¢ws
the SAS statement useé to split the AD data set iato the two

unifcrmly distributeé randcm samples (KANDALL1). These

derivaticn and validation sagfples were used during regres-
sion and discriminaczt model development described in Chapter
. Iv.
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CESCRIPTIVE ANALYSIS RESUOLTS

Frejuency distriltutions and correlaticns used for
descriptive analysis <c¢f the AD data set are :-ortained in
Tables X1V and XV.

TLe freguencies slow that ¢2 percent of the AD cata set
were 17 tc 21 years cf age, 79 percent nad a higl schcol
degree, ©GS7 rercent wuwere single, and 98 fpercent were rmale.
Even thcugh BLACK ard OTHER oanly representel 17 arna 6
rercernt cf the samrle respectively, thneir criterior scores
were =csigrificantly different compared to WHITE criterion
scores. Thus, BLACK and OTEEER emerged as fredictors in scme
cf the mcdels. It is interesting to note that 40 fpercert cf
the sanrle achieved tlke fpaygrade E-5. Using achievemernt of
E~5 rather than F-4 ir the ccmfosite success critericn wouli
produce greater variability on the criterion which &say
imprcve ttke models.

Cne third of the cases in the data did not score 1S90 or
greater c¢n the AL ccrjosite sccre. These cases are e€itter
Feople wic were classified ©[pricr to <correctiny the 2SVAB
Forms I,€ and 7 wmisncrming protlems, or people whc migrated
to the AL rating =stlsequert to service entry. This gay
rartialiy explain the negative correlations these variakles
have with tlke criteria.
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BEGRESSION ANAIYSIS PROGRAMS )

Fecression aralysis attenfpts to predict cor explain the

~ i

values cf the critericn varialkle with one or mor e fpredictor
variatles. The follcwing sections expand upon the discus-
sion cf recressicm aralysis presented in Chapter IV.

BT, YOS

A. FECUIREMENTS AND ASSUMPIICAS

Wler ccrducting 1Iegressicp analysis, certair reguire-
ments mtst ke met or assumed. One of these requirements is
the use cf guantitative variakles.S Application of recres- é
sion frccedures alsc requires ncrmality (the value c¢f the 1
dependent variakble gmust be pormally distributed at eacn
value of tlke indeperdent variable), homoscedasticity (the

variaticr around the regressicn line nmust te ccpstant foc
all values cf the incependent variable), and inderendence of
error (tkte residual differepce between an observed and
fredicted value cf tie dependent variable must <ce indegen-
dent fcr e€ach value c¢f the predictor wvariatle} . Anctcer
regquirement of linear regression is that a straighbt-lire cr

linear relationskip e€xist between each independent variakle

and tre dependent variable. For purposes of this study, and ﬁ

. tased cr initial irvestigaticn, these regjuirements are

i _UN

- assumed to Le met. Ecwever, an extensive effort tc evaluate
these assumptions by transformzing the variables or emgplcying

o
(R

cchfplex statistical analysis packages has nct Leen

L 2 aam o

conducted.

vy
;
..,

- —— — — - ——

yoror 4 x
o4k 4

. €1ke ipclusican_ cf qualitative ot categorical variaktles
in recressicn models way be accommodated through the use of T
dummy variakles. »

TV
e .
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E. STEEWISE REGEESSICN

Tlke SAS Stepwise frocess considers each of the candidate

NIRRT ) SRR

inderendent variables for inclusion in the model Ly deter-
pinin¢ tte <contribution the variable makes to the nmcdel.

Lo

This determination is accchmplished by <calculating the
partial F statistic fc¢r the variaktle, and adding it tc the
godel if it meets tle specified entry significance level.
After a variable is added, the stepwise metbod then lccks at
all the variables in the model and deletes any varialkle that

does rct prcvide an F statistic sufficient to meet the spec-
ified sicnificance level for remaining in the model. This
frocess of adding ard deletiprg variables continues until
rone «¢Ii the variables has an F statistic significant to
enter cr leave the mcéel.® [Ref. 12]

C. LINE2E HEGRESSIOHN

Simple linear recressicn is concerned with findirg the
statistical model or equaticn that best "fits" the criginal
data. 1Tkis is accomplished Ly defining a straigat line ttat

!
{
2
]
3
y
3‘
.

ginimizes tke differences Letween the actual value of the
dependent variable ard the value that would be F[fredicted
from tke fitted line of regression. The 5AS Regressicn
frocedire uses a matkematical technigue, the least-sguares

(SN | ¥ I S

gethcd, tc¢ produce such ap eguation for the best linear

sodel. This equaticn provides the intercept and =slcie of
the sanmple fredictor variable. With amultifple linear regres-

PR |

sion, tlese slores represent the unit change in the depen-
dent variakle per urit change in the independent variatle,
takir¢ into acccunt the effects of the other indererdent

rlrerryey "
N : - .

‘ variakles, and are referred to as net regressicn cceffi-
cients. 1The sawfle regressicn ccefficients of the fredictor
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This stud useg e SAS Stepwise default sigrificgarce
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"
-
NG L. L

€<

e

13

»

N

-

. AR - .. o B R e e TSRS
P R P . T " P I I I S B T D T T T P S L L T, R L W R Dy W O



variakles are then used as estimates of the respective foru-
laticr farameters. For illustration, the program used to

validate Mcdel A is frovided in Tapnle XVI.
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APEENDIX D o
DISCRIBKINANT ANALYSIS PROGRAMS y

Ciscriasinant Analysis allcws cbservations to Lte classi-

fied intc two ¢r ncie Jgroups cn the basis of one «cr amcre : #
numeric variables. 1he follcwing sections expand upcn the -]
discussicn c¢f discriginant analysis presented in Charter 1IV. ]

For illctstration, 1Taktle XVII shows the proyram use¢ to
produce tike classification matrices for the derivaticr ani
valicaticr =samples fcr Model A.

A. FECUIEEMENTS AND ASSUMPTIICNS

As was the case +with regression analysis, 3Jiscriminant
analysis also reguires that certain kLasic assumpticns be
pet. First, the ciservaticpns in the data set siculd Le
gemnbers ct twc €I Dnore mutually exclusive grcuts.
Therefore, the groups must ke defined so that each case will
relon¢ to cnly one group. Ancther statisticali ffrcgerty

YRR FDE

Ieguired cf discrimirating variatles is that they may nct be
linear ccakinaticns cf other variables. Taus, the sum oc o
averace of several variables may not be used alcng with ?

those variatles. Tkere are three other assumpt ions to ke

considered. The pcpulaticn covariance matrices must te
eguél fcr each group, each grcur 1s to be drawn frcm a fofu- 4
> laticn which bas a gultivariate normal distributicn, and L.
s discrigirating varialles must ke measured at the interval or }
ratic levels. Ideally, these variables will be ccnotinuous, ?
. fut tley need nct Le. [Ref. 17]) This study assumes these
! Iequirenments have beer met. Bowever, an effort to evaluate L, |

these [icperties was rct conducted since, in practice, the -]

—

discrisipant analysis techpnigue 1is rather robust acd can

Ty
AR

tolerate scue deviaticn frorz these assumptions [Ref. 18:.

8$
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} E. LCISCEININANT ANAIISIS
.

4

Trte first step cf discrimipart analysis is to weigat erd ;
linearly ccokine the discrimirating variables so that the
groufs will be as statistically distinct as gossitle. Tae
derived equations, «called discriminant functions, <ccrktine

the <c¢rcvp characteristics using a measure of generalized

K T

squared distance? that will allcw one to identify the c¢rcug
to which a case telcrcs or amcst closely reseatles.

The classificatick frocess may assume that memrcerstip in
a grour tas equal likelihood cf occurring. However, it gmay

ke mcre desirable tc incorpcrate the prior prokability of

. FOOa

group memkership intc the classification function tc¢ imgrcve
Eredicticn accuracy or minisize the cost of predicticu
€errcrs. In this study, memlership in a success grcup was on -
the crder c¢f 80 fpercert. Therefore, it was approrriate to
consider prior frobakilities so that those «cases precicted
as unsuccessful woulcd be clascsified as such only if strcng
eviderce e€xists that they belcpny there.

.

Tte ultimate ccncern in developing a mathematical gmodel

is that it fredict well or frcvide a reasonable descrijtion

S e
o el o

cf the real world. Crce a mcdel is developed which fprcvides
satisfactory discrimiration for cases of grcup memltership,
classification functicns may ke derived and applied tc the

" A'J‘A' '

classification c¢f new cases with unknown gJroup memkershig.
A gocd test of the adequacy and accuracy of the discricinant ]
model is the percentace of correct classifications, ccrmorly

.un

f
Py

. called tke "hit-rate". This test is accomplished by

agpplying the classification fupction to the known cases fIcm

which tle functicn was derived. Tae percentage of ccrrectly

71he, frocedure ccnducted a likelihocd ratic test of
homcgeneity of the within-grcup covariance aatrices for each
nodei. This test was sfatistically significant fcr each
pmodel. 1Therefore, the withip-qroup  mafrices were used as
the Lasis cf the measure of genéralized sguared distarce in
develcping the classificaticn criterioa. Ref. 12]
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classified cases provides an indication of the accuracy of
the frocedure and irdirectly ccnfiirms the degree c¢f grcecug
separaticn. The results may ke depicted in a classification
matrisix.

When the sample size is large wenough, as it is ir ttis

study, a further check of the classification accuracy may ke
ccnducted ty randomly splitting the sample into two sulbsets.

The classificaticn function is derived on omne sukset and
] vali¢ated on the otler sulset. A comparison c¢f the two

hit-rates provides the measure of accuracy of the 1mcdel.
F [Ref. 17
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APEENLIX E
UTIIITY ANALYSIS PROGRAMS

Tkis appendix [fprcvides further details of tae irfcriaa-
tion ccrtaiced ip Chagpter V, and gives examples ¢f the SAS

rograms and outputs.
g

A. CAICGCIATION CF CEI1 PROEAEILITIES

Tte method used tc calculate <cell frobabilit ies ir ttis
study depends on wlether a regression or a discririnant
sodel is kFeing evaluated. A regression model can Lte viewed
simply as a fcrmula <for «calculating [predicted =sccres,
whereas a discriminarnt model actually classifies cases as
fredicted successes c¢I1 predicted failures. Eecause cf this
Gifference, the «calculaticn of cell probabilities ig mcre
complicated £for recgression mcdels than for discririnpasnt
nodels.

1. [Eegressicn Mcdels

A regression zodel and the data from waoichk it mas
develcred prcvide irfcrmaticr ¢n the predicted ard acteal
scorez fcr each case. In order to classiiy these cases irto
the fcur selecticn outcomes, the cut score on the fpredictor
and the score cn tle criterion above which r[recple are
considered to be successful must ke known. If the criterion

is ccpstructed as a dichotcmcus (success/fail) variacle,
then the ceses assigned a value of ‘“one" are corsidered
successful and those with a value of "zero" are corsicered
unsuccessful. If thke criterion 1is a continuous variatkle

{(such as length cf service) tben a value on the scale mist

ke chcsep as the dividing 1lipne Etetween success and failure.
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The ckcice ¢f the cut score is nct suca a simgle matter, and

P

cannct te arbitrarily assigpred as can the distinction

Letween success and fail. Tke choice c¢f the cut sccre, as

T

genticned tefore, cften dererds on the desired selecticn
ratic. In the abserce of infcrmation on tke desirec seiec-
tion ratic, cell [prctabilities are calculated for <e€ach of
rany fossitle cut sccres, - and a cut score 1is eventually
choser Lased on which set <c¢f cell probalkilities paxiniczes
the uvtility of tihe mcdel. Iin a data set containirg actual

and predicted sccres, differept sets of cell protatilities

S

can ke calculated if eackh fredicted score is considered to
Le a cut sccre. Takle XVI1II ccntains five fpairs of actual
and predicted scores which will be used to illustrate tae
4 rethcd.

TABIE XVIII
Illustrative Actual and Predicted Scores

Actual Criterion Predicted Criterion

SCore Score
50 44
44 b4e
4c 47
4é€ 43
4¢ 590

In this illustratior, cases who <serve 48 umcntlks cr
lcnger are considered to ke successful. fach cCilferent
rredicted score will Le considered as a cut score and cell
counts fcr e€each cut sccre will be calchilated. If the cut
score is 44 months, tlien all cases witn a predicted sccre of
44 mcotls cr mcre will be accepted, and those with a
fredicted score of less than 44 months will Le rejected. 1In

this exanrle, for a cut sccre of 44, all cases will be
acceg ted. No cne is rejected, tnereiore, valid negatives
and false neyatives will Le zero. Of the five cases
o
94
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accepted,
{successes)

tnree€. Twc

three

of the five cases

less tharp 4€ months (failures).

will e twc.
result wken the cut

the number

have actual LCS oOf 48 mcnths
Therefcre,

(o} 8 ICcre

of valid positives 13
accepted had actual ICS cx

Thererore, false [pcsitives

Thus tle first set of cell protabilities tbhat

EFN = 0 and PVN = 0.

will 1result wnen

SECOrLE€. Crne case

Therefcre,

£core is 44

is
predicted LOS of
rejected. His actual LOE is 50

are: PVP = 3/9,
The next set of
4€ months
had a
would ke

considered to

gontkts, =c he was falsely rejected, i.e. FN =

€lse was rejected so VN = 0.
CL 4€ cr greater so all four sould be
four, twxo lad actual LGS of
two had actual LCS
cut sccre ¢f 46, PVP = 2/5,

abilities
calculated.

In a discriminant mcdel tkhe

ical (0,1)
Erocedcre
Eredicted

fredicticn is ccompared to the actual sccre.
an allreviated example

[rocedcre.

(one for

is
to

variable.

a twc

€ach

by two

tedels

PFP

accepted.
less than 48 months (FE), and
cf 48 months or more (VP).

EFE = 2,3,
cell protatilities
€ the cut
less tkan 46,

NC chne

Four cases had a pcredicteé 1CS

CLf these

Thus for a

2/5, PFN = 1/5 and EVN =
C. 1This process is repeated until five sets of cell frck-

different predicted sccre) are

criteriorn is a categcr-

The cutput from the SAS Discriminant

cf the cutput fronm

tacle where the
be eitker a M"zero" or a “one",

cases are

and the

Table XIX cives

the discriginant

The columns are the model's predicted scores fcr the

750 cases in
fredicts that

critericr,

the cases.

s e . - - .
I Y T T . T N A

tkis tyfpothetical

300 of

the cases

250 fpeople actually scored "zero"

sample. BEere the wmocel

will sccre "zero" cn the

and it predicts that 450 of the cases will sccre
a "ore" cn the criterion. 1The rcws are the actual sccres of

(failures) and

PR
PO :




9

‘

TAELE XIX
Illustrative Discriminant Example

Fredicted
0 1 Tot al
100 150 250
Actual
200 300 500
Total 300 450 750
€00 people actually scored "one€" (successes). Because, in
effect, tke discriminant fprccedure <chooses its cwn cut

score, the four cell frobakilities «can be derived directly
from the output. Tte predicted "ones" are people taat the
podel classifies as accept. Of these 450, 150 actually
failed sc they are false positives, and the remaining 200
were successful, so they are valid positives. Of the 300
cases tlat the mcdel wculd have rejected (predicted
"zercs"), 100 were failures (valid negatives) 1i1nd 200 were
successes (false negatives). Again the cell prolkalkilities
are fcund Ly dividir¢ each ccunt by the number «c¢f cases.
Therefcre, EVP = 300,750, EFP = 150,750, PFN = 200,75C and
EVN = 1CCs750. For a discrisinant model, there is c¢nly cne
set ¢f cell rrobablities to ke calculated.

E. ESTIRATION OF CEII UTILIIIES

Ir crder tc calctlate the overall utility »f a mcdel,
utilities associated with each selection ocutcome need ta be
estimated. "Althougk the assigoment of utility values to
cutccles may very well be the *Achilles Heel' o¢f Cecision
theory, it 1is pot a problem that can be ignored L3 any
institution that makes perscnnel decisions." [Ref. 19]

Ideally each selection outcome should have a uniguely
estimated utility. Eecause of the difficulty in estizating
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utilities fcr each cutcome (particularly for the false and
valid pecatives), relative utilities are estinated. It is
arparent tkat a person who 1is correctly selected (valil
Fositive) bhas a positive wcrth to the orgyanizaticn. A
reascraltle estimate cf this wcrth is the marginal prcduct oi
the enmfplcyee. In this study it is assumed that tiae navy
compensates sailors at the full value of their margical
rroduct, ard the Billet Cost Model provides an esticate of
the <¢cst to the Navy of staffing a kLillet [Ref. 1€].
Eecause relative utilities are the issue at this tize, the
utility c¢f a valid fcsitive (U1) is assigned tae value oI
+1.

It is a reasonalle assumption that tae utility cf a
false positive is a regative rumkler. As the enplcyee uas
not judced to be successful, his marginal product was frcb-
ably less than the marginal cost to keep hiz in the jck. 1In
additicn a joor fperfcruer may adversely affect the fperform-
ance and prcductivity of his fellow employees, and woen he
leaves, additional expense is necessary to £find a replace-
gent. Cn the other hand, it 1is unlikely that a pcor
Ferfcrmer dces nct ccntribute anything to tae organizaticsa,
and tius it is cbviously difficult to estimate the magnitude
cf the disutility of a false positive. In this =study a
ginor fcrm cf sensitivity apalysis 1is undertaken tc circum-
vent this estimation difficulty, and expected overall utili-
ties are calculated for three different relative values of
false fositive utility (U2) . These values are -.5, -1, and
a relatively extreme assumpticn, -2.

Tte disutility of a false mpegative is alszo difficult to
€stimate, partly becatse it is nct known what happens tc tae
applicact after bhe is rejected. If the Navy rejects an
applicart tc the AD rating Ltut accepts Lkim in another rating
where te 1is subsequertly =successful, then his disutility

cculd Lte reasonally argued to Leé zero. I1f, however, the
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bavy recects him altogyetlker when he would have rCeen
successful if selected, then the costs ¢f attracting and
testing biz are wasteé and additional costs are reguired to
attract and test anctler applicant. These costs will defend
cn the state of the recruiting parket at the time. If there
are gapny gcod guality applicants then the disutility cf
rejecticg a potentially successful applicant may Le small.
Again, as a type of sensitivity analysis, three relative
values fcr the utility of a false negative (U3) are ccnsid-
ered: 0, -.25 and -.t.

It is nct obvious that any utility should be assigred to
U4, the wtility cf a valid bpegative. The person would have
failed anyway, so ncthing was gained Ly rejectirg hinm.
However, wken viewed from an economist's viewpoint ipn rela-
tion t¢ «crrortunity costs, the fact tnat the [ferscn was
correctly rejected means that the organization did nct have
to kear tke cost of incorrectly accepting someone whc turns
cut tc e unsuccessful. Thus, correctly rejecting ap agppli-
cant 1is c¢f egual and ojffosite wutility to inccrrectly
accerting him. 1lherefore, U4 = -y2.

Tke wuse of relative wutilities is a conventicr to
csimplify toe estimaticn of cell utilities. In the akcve
discussicn relative utilities are estimated on the tLasis
that the utility of a valid [rcsitive is +1. However, the
values of (1 tarouglk U4 that are used irc the formula fcr
cverall expected utility, (Equation 5.1), need tc rLe
expressed ir actual dcllars. As mentioned above, the Eillet
Cost rodel is used tc estimate the utility of a valid fosi-
tive. The standaré manyear cost of an E-4 Aviation
Pachirist's Mate is 3.4,163. 1This cost comes from finarcial
year 198: data and rejresents the total cost to the Navy of
creating ard fillipng a jor slot over one full year.
[Ref. 1€ A utility of +1 is therefore wequivalert to
+324,1€3, a utility cf -.5 will be -3$12,082, and so cn.
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C. EFCGFAMS USEL TO CALCULATE OUTIILITIES

As mertioned in <Section A. above, the <calculaticn of
cell rfprctatilities fer a regression model is a fairly
tedicus and repetitive procedure. This section «ccrtains
three sanfple programs used tc calculate the expected utilaty
cf a nrcdel. Explaratory comments are provided fcllcwing
€ach set ¢f SAS statements. The first program (Taktle iX)
computes the predicted criterion score for each case€ angd
writes tle results «cut to a file calied "RTYHATA". Tatle
XXI skcuws part of tle output from the first prograr. The
seccnd frcgram's main purpose (Taktle XXII) 1is to calculate
the cell frcbabilities that wculd result if each different
predicted score were used as a cut score. The cell frck-
abilities are writter cut tc a file called "RTUTILAY™. Tlhe
prograrmr alsc calculates the expected utilities for cne set
cf cell uvtilities and outputs the 30 largest utilities tkat
result (Takle XXIII). The third program (Table XXIV) calcu-
lates tike utilities for six diiferent sets cf cell
utilities.

As explained befcre, ocly one set of protakilities
results frcm a discriginant gcdel and these can ke readily
gained frcm the discriminant cutput. No programs were€ used
to calculate the expected utilities of a discriminant model
and tlese calculatiors were dcpe by hand.

L. CAICCIATION CF BASE LINE UTILITIES

As described in Chapter 7, the utility of the Navy's
crigiral selecticn strategy (the base line utilit y) needs to
ke <calcvlated in crder for comparisons to ke rmade.
Cbservaticp 4 in Table XXIII demonstrates that when all the
cases are accepted (41.0774 is the lowest predicted sccre),
the selecticn ratio is cbviously 1 and PVP = .86063€ (which
is the tase rate) ard PFP = 1 - PVP = .13G3€2. No cre 1is
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rejecteé, therefore PFN and FVN are zero. The expected
utility under these circumstances is:

EU = .5€0€:8($24,16Z2) + .1359362(-$12,082) + C + Q0 = 3$15,112

As Takle XXIII =slows, the maximum utility occurs wien
the cut sccre is slightly higber tham the lcwes t fpredicted
score (tktere are five cases with a predicted score cf less
than 43.26SZ in Table XXI). This maximum utility ($19,135)
is .12 [percent greater thabn the base 1line utility of
$19, 11z,
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TABLE XXI
Fartial Output from the First Utility Frogran

RTYEATA

M1IDLE 10 AND LAST 30 0OBS CrF
SCRTELC IN ASCENDING ORDER OF YHAT.
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TAELE XXII
Second Utility Apalysis Program
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-
{ EROC SCET I 2TA=LATAS CUT=FII1ECUT.hATUTILA;
EY L[ESCENDING UTII;
* SCFT7~C EY UTIL BEFCFE WRITING CUT THE PREVIOUSLY XEz1
VAE7 EIES TO A FILEF IN MASS STORAGE.:
‘ [ATA L[AT26;
SET FIIECUT.BIUTIL2;
IF _N_ IE 30;
p §ROC EEINT_LATA=CATAE;
1§%%§,155 3¢ LARGEST CTIILITIES IN THE FILECUT.; 1
- ‘; L]
%%%i%ﬁ TEE EASE UTILITY IS 19112, AND THE; :
TITLES ' EASE LINE SUCCESS RATE IS 0.8606; 3
FROC ELCT CATA=CATA6;
PICT GIIL * CSCORE = v+ VEEF =19112
g§%%§,155 TCP 30 GIIIITIES ELCTTED AGAINSY CUITIN G SCOSE.;
1 <5
%§%£§E NCTIFE: THE HCEIZ. LINE IS THE BASE LINE UTILITY,:
%%%%ﬁg'li. THE UTILITY RESUITING FROM THE NAVYI''S;
TITLE7 CFIGINAL SELECTION STRATEGY. (19112);
EROC_EICT LATA=LATA6 ;
PICT LTI1 * SFATIC = '+' , VYREF =19112
%%%%%ﬁﬂEE TCP 30 UTIIITIES ELCITZD AGAINS® SELECTION FEATIC.;
Z;
§§§£§£ NCTE: THE HOFI1Z. LINE IS THE BASE LINE UTILITY,: J
%1%%EE'IE. THE UTILITY RESUITING FROM THE NAVY''S; !
ITLEE;
TITLE7 CEIGINAL SELECTION STIRATEGY. (1911Z); ]
EROC EICT C[ATA=FILECUT1.ETUTILA; 1
EICTI CII1 * SEATIC = '+' / {REF =19112;
TI%%%_ELCIIING AIL OUTILITIES AGAINST SELECTION RATIC.; ;
.4 <y
g§§£§£ NCIE: THE HOKIZ. LINE IS THE BASE LINE UTILITY,; ’
%§%%§§'1f. THE UTILITY RESULITIING FROA THE NAVY''S;
TITLE7 CFIGINAL SELECTICN STRATEGY. (19112);
/*
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TABLE 3IXIII
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.8€J€;

.8€0€;

- 8€0¢€;

EKOC SCET [2TA=DATA1 CUT=THIRD;
EY LESCEMING UTIIC;
IATA THIEL;
SET1 TEIRL:
KEEP CSCCRE EVP PFF PFN EVN SRATIO SUCCRATIE UTIIC;
IF N _LE 30;
EROC EFIRI; _
%%%{%»EASE UIILITY IS 14061 ANLI E4aSE SUCCESS EATE 1S
Z; .
TITLE="01= 1 2= -2, 0U3= 0 , Uu= 2 .:
EROC FICT [ATA=THIRE;
PICT TTIIC * SRATiC = '+v , YREF =14061;
EROC SOET L[ ATA=DATA1 CUT=FOUKTH;
EY LESCENDING UTIII;
LATA FCUETH;
SET FCUR1H;
KEFP CSCCRE PVP PFE EFN EVN SRATIO SUCCEATE UIILD;
IF N_IE 30;
EROC FEITFI;
%%%%E‘EASE UTILITY IS 19112 ANL BASE SUCCESS RATE IS .8€0€;
Z; .
TITLEZ 01= 1 , U2= -.5 , U3= -.5 , U4= .5 .
EROC EiCT [ATA=FCURTE;
FLICT GCIIID * SRATI¢ = '+ s VREF =19112;
EROC SOET1 [ATA=DATA1 CUT=FIFTH;
EY [ESCENDING UTIIE;
IATA FIFTE;
SET FIF%E:
§§£pncs§%ﬁEOPVP PFE PFN EVN SRATIO SUCCRATE UTILE;
EROC ERINT;
§§%£§‘Easx UTILITY IS 17428 ANL BASE SUCCESS RATE 1S
Z;
EROC EICT [ATA=FYFTH;
F1CT CTILE * SRATic = v+v , VREF =17428;
EEOC SCET CATA=DATA1 CUI=SIXTH;
EY LESCENDING UTIILE;
CATA SIXTE;
SET S1xtH;
KEEE CSCCEE EVP PFF EFN EVN SRATIO SUCCKRATE UTILF;
IF N _ILE 30;
EROC FEITRT;
%§$£§,EA5E UCIILITY IS 14061 ANLC BASE SUCCESS EATE IS
Z;
‘IITLEE 01= 1 U2= -2 Pl U3= -.5 3 u4= 2 -3
EROC EFICT r[ATA=SIxTH; -
EICT CIILF * SRATIC = '+ , VREF =14061;
/*
7/
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